Material and Methods: randomly selected military conscripts [mean age, 19.8 (range 18-28) years; n=820] were followed for 3months. baseline blood samples were drawn upon arrival to the service. four subsequent samples were obtained from subjects that developed stress fractures and one sample each was obtained from two asymptomatic control subjects for each fracture case.
INTRODUCTION
Bone responds to increased stress by enhanced remodeling. Damaged bone is resorbed and new bone matrix is laid down by specific bone cells. During prolonged stress, bone tissue may fail to meet the changing metabolic demands of the environment, ferent imaging modalities used in different studies (8) (9) (10) (11) . Almost all stress fracturesi nb oth of these groups occur in the lower extremities or the pelvis (3-5, 8, 9, 12) .
The diagnosis of bone stress injuries is based on the subject's history of physical activity, duration and type of symptoms, and clinical and especially radiological findings. Because many other pathological conditions may clinically mimic bone stress injuries, imaging studies are necessary to confirm the diagnosis (13) (14) (15) (16) (17) . Radiography is generally used as the primary imaging tool, but its sensitivity in the early stages of these injuries may be as low as 10% (18) . Thus, it is often necessary to corroborate the diagnosis with bone scintigraphy or magnetic resonance imaging (MRI). Because equipment for these examination methods is not widely available in primary healthcareunits, diagnosis and appropriate treatment may be delayed, which can lead to severe consequences and prolonged morbidity (19) . Amethod to predict the occurrence of bone stress fractures would therefore be very useful.
Biochemical markers of bone resorption, such as urine hydroxyproline, serum tartrate acid phosphatase (type 5a cid phosphatase [TRACP]) isoform 5b, and serum C-terminal, crosslinking telopeptides of type I collagen, reflect the body's rate of bone degradation and may, therefore, reflect the rate of bone loss (20) . These sorts of markers can be considered as candidates for apotential method of fracture prediction, because they are generally available, inexpensive, and, most importantly,r eflect premorbid bone quantity and quality.T RACP-5b is secreted into the circulation by bone resorbing osteoclasts, and was recently proposed to be aspecific and sensitive serum marker of osteoclast number and bone resorption (21, 22) . TRACP-5b serum levels correlate with those of other bone turnover markers and bone mineral density,which makes TRACP-5b auseful tool for predicting bone fractures independent of bone mineral density measurements (23) .
To our knowledge, the use of TRACP-5b evaluation in relation to stress fractures has not been reported in the literature. The hypothesis of this study was that elevated serum TRACP-5b levels predict the diagnosis of astress fractureinmilitary conscripts and can be used as an additional diagnostic tool for stress fractures. The purpose of the present, prospective diagnostic study was to examine whether elevated serum TRACP-5b levels predict the occurrence of stress fractures in military conscripts.
MATERIAL AND METHODS
Atotal of 820 randomly selected healthy conscripts entering military service were prospectively recruited. The conscripts werevoluntarily enrolled in the study according to a computer-generated random allocation sequence independent of their training branch or basic unit. All participants were undergoing military training in homogenous conditions in the same garrison of one brigade, and they represented the general conscript population in Finland. Therewere796 men and 24 women with amean age of 19.8 (range 18-28) years. The mean body mass index was 23.4 kg/m 2 . The subjects had no known diseases or medications, and all had passed the previous medical examinations as healthy.P articipation was voluntary; all conscripts were informed of the nature of the study, and written informed consent was obtained from each participant. The study protocol was approved by the local research ethics committee.
Baseline blood samples wereo btained for TRACP-5b analysis from all 820 subjects upon entry into the military. Because approximately 85% of stress fractures occur within the first 8w eeks of basic military training for all military conscripts in Finland, the subjects weref ollowed for 3 months (1). Of the 820 subjects, 38 were lost during the follow-up. Subjects with a suspected bone stress injury were examined clinically,and the diagnosis was verified by plain radiography.Our exclusion criteria included subjects with symptoms of stress injury upon arrival to military service (0 subjects) or with ahistory of recent and obvious trauma (4 subjects). Because the radiographs wereobtained at 1to 2 weeks after the onset of symptoms, when the sensitivity of aplain radiograph is reasonably low,arepeat radiograph was obtained 1week later in patients whose clinical symptoms indicating stress injury continued (2 patients). Blood samples for determining TRACP-5b activity wered rawn from the subjects with a diagnosed or suspected (training and exercise history, pain due to strain, local tenderness to palpation, possible swelling, and pain during rest) stress fracture as follows: the 1 st sample (Sample I) was drawn on the day their stress injury was diagnosed or suspected for the first time by a physician; the 2 nd , 3 rd , and 4 th samples were then drawn at 3 to 4-day intervals (Samples II, III, and IV). Only the samples of subjects with a stress fractureconfirmed by radiography werelater analyzed. On the day the last sample (Sample IV) was taken, blood was also drawn from asymptomatic control subjects of the study group (two control samples for each fracturec ase) with body mass index values very closely matching those of the subjects with afracture.
The collected serum samples weref rozen and stored at -70ºC for later analysis. TRACP-5b activity measurements were performed by Suomen Bioanalytiikka Oy (SBA Sciences, Oulu, Finland) using an immunoassay protocol previously described by Alatalo et al (24) . Monoclonal antibody 01A was incubated for 1 h in anti-mouse IgG-coated microtitre wells. After washing, the serum samples were incubated in the wells for 1 h. Bound TRACP-5b activity was determined by incubating the wells for 1hin0.1 Msodium acetate buffer,p H6 .1, containing pPNPP as as ubstrate. Thereaction was stopped by adding sodium hydroxide to the wells and absorbance at 405 nm was determined using Victor II equipment (Wallac, Turku, Finland).
During the 90-day follow-up, 20 of the 820 subjects (2.4%) experienced as tress fracturet hat was confirmed by plain radiography. At otal of 6s ubjects was lost to follow-up. Amongt hose 20 subjects with ac onfirmed stress fracture, we were unable to collect all the required samples from 4 of the subjects due to an interruption of their military service caused by along stress injury recovery or some other reason, and two serum samples wereobtained incorrectly. Therefore, the total fractureg roup comprised 14 subjects. In these 14 subjects, 21 stress fractures werei dentified by plain radiography. Three subjects had bilateral stress fractures; one subject had fractures in both calcaneal bones, one in both tibial bones, and one had one fracturei nb oth of the first metatarsal bones in addition to two fractures in the right tibia. One other subject also had two fractures in the same tibia and one subject had fractures in the first and second metatarsal bones. Of the fractures, 12 (57%) were located in the tibia, 6( 29%) in the metatarsal bones, and 3( 14%) in the calcaneus. Eleven bone stress injuries were located in the right lower limb and 10 in the left. Symp-toms suggestive of adeveloping bone stress injury began a mean of 26 days (range 6-68) after the subjects began their military training. The mean duration of symptoms was 14 (range 4-25)d ays beforet he first bloods ample was obtained (Sample I) after collection of the baseline samples. STATISTICS We used aconditional logistic regression analysis to test for an association between TRACP-5b activity and the development of as tress fracture. The sensitivity and specificity for predicting the fractureb ased on TRACP-5b activity werea lso investigated using an area under the receiver operating characteristic (ROC) curve with a confidence interval and coordinate points of the ROC curve. Changes in TRACP-5b activity in the fracture group were tested using an analysis of variance for repeated measures and the least significant difference test was used as a post hoc test. Logarithmic transformations were used in the analysis of variance for repeated measures, because the values weren ot normally distributed. The values werer etransformed to interpret the results. Dispersion is described using range, standardd eviation (SD), or confidence interval (CI). Ap value of less than 0.05 was considered to be significant. The logistic regression analysis was performed using Stata 7.0 for Windows (StataCorp LP,College Station, TX). For other statistical analyses, SPSS 15.0 for Windows software(SPSS Inc., Chicago, IL) was used.
RESULTS
During recovery from their symptoms, the 14 conscripts with stress fractures performed light duties and then returned to normal duty and completed their military service. None of the 14 patients reported musculoskeletalp ain symptomsd uring the remaining period of conscription.
Acomparison of the ratio of Sample IV values and the baseline level between the fracturea nd control groups indicated that the odds of stress fracture were 8-fold greater in conscripts with greater serum TRACP-5b activity levels ( Table 1 ). The variation was so great, however, that the difference was not statistically significant (p =0 .17; Table 1 ). In the fracture group, therewas almost significant difference in time (p =0.072). Post hoc testing due to the small number of subjects (n =1 4) was also performed. The difference in serum TRACP-5b activity levels between the baseline sample and Sample III was statistically significant (p =0.039; Table 2 ).
The area under the ROC curve was 0.60 for the ratio between Sample IV and baseline (Table 1) . Sensitivity (0.62-0.54) and specificity (0.55-0.70) were both over 0.5 when the coordinate point of the ratio varied between 1.05 and 1.14. Using ac oordinate point of 1.09, both sensitivity (0.62) and specificity (0.65) exceeded 0.6. There was no statistically signifi-There was no statistically significant difference in the serum TRACP-5b levels between conscripts with several stress fractures and those with only one stress fracture.
DISCUSSION
The principal finding of the present study was that increased serum TRACP-5b activity tends to be associated with the existence of astress fractureofthe lower extremities in military recruits with symptoms of such a fracture. In the present study, serum TRACP-5b levels measured in military conscripts with bone stress fractures indicated bone resorption, consistent with the observations of Halleen et al. in elderlyo steoporosisp atients (21, 25) . Although the TRACP-5b levels in patients with fractures clearly increased over time, the overall increase remained statistically non-significant when the point of significance was set at P <0 .05. Hence, the usefulness of serum TRACP-5b measurement for early diagnosis of bone stress injuries could not be confirmed. To our knowledge, there have been no reports in which increases in serum levels of TRACP-5b were assessed in relation to stress fractures.
Excessive physical activity and stress may lead to an accumulation of microfractures and bone fatigue, potentially causing as tress fracture ( 1, 2) . Increased bone resorption at a microfracture site is a result of increased osteoclastic activity.I nt his process, the bone is degraded. Degraded bone matrix is then internalized and delivered into the intercellular space and circulation (26, 27) . Although its biological function is unclear, TRACP-5b is likely to generate reactive oxygen species that participate in degrading undigested matrix constituents inside the transporting vesicles. This activity is regulated by cathepsin K (28) . TRACP-5b is released into the circulation together with digested bone matrix, which makes it au seful tool for evaluating the speed of bone resorption in the body. For this reason, it is used successfully to diagnose and follow patients after osteoporosis therapy (25, 29) and to monitor responses to the treatment of bone metastases in patients with cancer (30, 31) . Based on the correlation of serum levels of TRACP-5b with total bone loss in the body, we hypothesized that this property can be used to diagnose bone stress fractures in which the skeleton remodeling rate has increased.
Because bones heal slowly, radiographic findings for early symptoms are often normal. Diagnostic changes in conventional plain radiographs are usually observed 2 to 8 weeks after the onset of symptoms, but at the early stages of bone stress injuries the sensitivity of radiography may be as low as 10%. Plain radiographs may reach only a7 0% sensitivity rate during follow-up (5, 32) . With mores ensitive imaging methods, such as bone scintigraphy or MRI, the numbers of patients with fractures in this study would probably have been higher.Moreover,the use of scintigraphy or MRI might have provided a more precise diagnosis of the fracture, as well as information about TRACP levels correlating to lower grade stress fractures, whichp lain radiographyf ailed to reveal. As these lower grade stress fractures can also completely heal with rest periods, they may never become detectable by plain radiography alone. In the present study, only plain radiography was used, which may have led to an underdiagnosis of stress fractures. To avoid potential complications related to bone stress injuries and to promote early appropriate treatment, it is important to develop effective, less costly, and more available diagnostic methods. In this study population, the patients with stress fracture, as well as those with suspected stress fracture, were prescribed rest and reduced exercise. In contrast, their controls fulfilled their duties quite normally during the average 10-day period when blood samples I-IV wereg athered. The possible effect of the different stress levels among subjects and controls on their TRACP levels was not estimated in this study. Because bone metabolic markers such as TRACP-5b reflect the dynamic changes taking place in the entire skeleton, thei ncreaseds erum TRACP-5bl evels in subjects with a bone stress injury may indicate a generally high bone turnover rate in these individuals rather than a rate specific to the local bone injury.
The incidence of bone stress fractures in this study cohort, as well as the anatomical distribution of the fractures, with a high percentage of fractures occurring in the tibia and the metatarsal bones, were typical of a military conscript population and corresponded with those previously documented (1, 4, 8, 12, 18) . Thus, the present cohort seems to adequately represent the average military trainee population and thus forms ar eliable study population, allowing us to draw conclusive evidence about the association between stress fractures and TRACP-5b levels. Unfortunately, partially due to early interruptions of military service, the fractureg roup in the present study was small.
Although it is important to avoid delayed diagnosis and complications of bone stress injuries and to initiate early appropriate treatment, the non-availability or high cost of more effective diagnostic methods like bone scintigraphy and MRI must be acknowledged. The serum levels of TRACP-5b measured in military conscripts with bone stress fractures indicated ab one resorption process consistent with the observations of Halleen et al. in elderly patients with osteoporosis (21, 25) . Based on the findings of the present study,h owever,t he usefulness of assessing serum TRACP-5b levels for the early diagnosis of bone stress injuries could not be confirmed.
